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The STRATOS initiative

STRengthening Analytical Thinking for Observational Studies

Topic Groups Links | Publications | News | Archive | Contact | Aboutus

STRATOS

STRATOS initiative

The validity and practical utility of observational medical research depends eritically on good study design, excellent data quality, appropriate
statistical methods and accurate interpretation of results. Statistical methodols \: ial devels
hodalogical devel

has seen in recent times.

U ly, many of these are ignored in practice. Consequently, design and analysis of observational
studies often exhibit serious weaknesses. The lack of guidance on vital practical issues discourages many applied researchers from using more
sophisticated and possibly more appropriate methods when analyzing observational studies. Furthermore, many analyses are conducted by
researchers with a relatively weak statistical background and limited experience in using statistical methodology and software. C: Iy
even ‘standard’ analyses reported in the medical literature are often flawed, casting doubt on their results and conclusions. An efficient way
to help researchers to keep up with recent methodological developments is to develop guidance documents that are spread to the research

community at large.

These observations led to the initiation of the STRATOS (STRengthening Analytical Thinking for Observational Studies) initiative, a large
collaboration of experts in many different areas of biostatistical research. The objective of STRATOS is to provide accessible and accurate

Members Only Button

Members only

guidance in the design and analysis of observational studies. The guidance is intended for applied statisticians and other data analysts

with varying levels of statistical education, experience and interests (click to enlarge).

The Steering Group has decided to start with seven topics of general interest. Two topic groups were added later. Guidance documents will be

developed by separate topic groups (TGs), each comprising experts in different area of statistical
swho may represent future end-users of the STRATOS documents. Each TG will start by developing guidance aimed primarily at level 2

statistical knowledge, which is perhaps slightly below state of the art. STRATOS structure and the initial road map (click to enlarge) from
Sauerbrei et al 2014. The STRATOS initiative is closely connected to the i

hodol:

} STRATOS Newsletter (May 2018)

1 Society of Clinical Big

alongside applied

(ISCB) and was

launched at a half-day Mini-Symposium on the last day of the ISCB meeting in Munich, in August 2013.

Invited Session
September 20, 2021
Milan, fealy

https://stratos-initiative.org/

Topic Groups

MISSING DATA

Chairs: James Carpenter, Kate Lee

MEASUREMENT ERROR AND
MISCLASSIFICATION

Chairs: Victor Kipnis, Pamela Shaw

b@l CAUSAL INFERENCE

Chairs: Els Goetghebeur, Ingeborg
Waernbaum

SELECTION OF VARIABLES AND

FUNCTIONAL FORMS IN

Chairs: Georg Heinze, Aris
Perperoglou, Willi Sauerbrei

STUDY DESICN

: Suzanne Cadarette, Mitchell

SURVIVAL ANALYSIS

Chairs: Michal Abrahamowicz, Malka
Gorfine, Terry Therneau

INITIAL DATA ANALYSIS

Chairs: Marianne Huebner, Carsten Oliver
Schmidt

EVALUATING DIACNOSTIC TESTS AND
PREDICTION MODELS

Chairs: Ewout Steyerberg, Ben van Calster

HICH-DIMENSIONAL DATA

Chairs: Riccardo De Bin, Lisa McShane, Joerg
Rahnenfuehrer

https://stratos-initiative.org/
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STRATOS

The Missing Data Topic Group is one of the 9 topic groups within the STRengthening Analytical Thinking for
he objective of STRATOS is to provide accessible and accurate

2 i y: servational studies. The guidance is intended for applied statisticians
and other data analysts with varying levels of statistical education, experience and interests. Contact us
We are grateful to (in time
Aims of the Missing Data Topic Group T order) ESRC Research Methods
P the

Researcher Development
Members X

Fellowship RES-063-27-0257,
TG1 represents a collaboration of 10 experts in missing data: ESRC Follow-On Funding
scheme (grant RES-189-25-
0103), MRC grant G0900724
and MRC fellowship
MR/K02180X/1 for supporting

+ 0G5 €1

« James Carpenter (co-chair), London School of Hygiene and Tropical Medicine, London, UK
Katherine Lee (co-chair), Murdoch Children’s Research Institute and University of Melbourne,
Melbourne, Australia

Melanie Bell, University of Arizona, U

« Els Goetghebeur, Ghent University, Belgium the development and

« Joseph Hogan, Brown University, US maintenance of this site.
« Rod Little, University of Michigan, US

« Andrea Rotnitzky, Harvard University, US This site was formerly

« Kate Tilling, University of Bristol, Bristol, UK missingdata.org.uk

« Rosie Cornish, University of Bristol, Bristol, UK

« Rheanna Mainzer, Murdoch Children's Research Institute, Melbourne, Australia

https://www.lshtm.ac.uk/research/centres-projects-groups/missing-data#stratos

Submit  Login  Register
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Framework for the treatment and reporting of missing data in
observational studies: The Treatment And Reporting of Missing data

in Observational Studies framework

Katherine J. Lee & 1« Kate M. Tilling »Rosie P. Comish . Joseph W. Hogan = James R. Carpenter «
on behalf of the STRATOS inifiative «

+ Published: February 01, 2021 * DOI: https/doi org/10.1016/jclinepi 2021.01.008 =

Highiights H|gh||ghts
A
elie « Missing data are ubiquitous in medical research.
Keywords
+ Guidance is available, but missing data are still often not handled appropriately.
1
Bactomind « We present a framework for handling and reporting analyses of incomplete data.
2.case
stioy: The « This framework o think about missing data.
avon
Jonghidial + Adoption of this framework wil increase the reproducibility of research findings.
sty of
parents an « This article provides a much needed framework for handling and reporting the analysis of incomplete data in observational
chidren studies
- + The framework puts a strong emphasis on preplanning the statistical analysis and encourages transparency when
N—— reporting the results of a study.
i + Adoption of this framework will increase the confidence in and reproducibility of research findings.
Discussion

https://www.jclinepi.com/article/S0895-4356(21)00010-X/fulltext




TARMOS framework

» Treatment And Reporting of Missing data in Observational
Studies (TARMOS) framework

» STRATOS Initiative @ Topic Group 1 (Missing Data) HMERK L 7=
ERRIAFTRD IO D R AIFT—F DE DTN EIRFTERE DT=8DD
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Lee et al. (2021) 7
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EDCHRETBINREN?

Lee et al. (2021) 8
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Lee et al. (2021) 9
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» MCAR (missing completely at random) : ZBI(&. MBDL\HVR
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» MAR (missing at random) : &l [S>AFACED] DT
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» MNAR (missing not at random) : MARDETE. DFED. KEID
ARZXAIC(E, BRENTUVRWERNFZELTHED., 8
AENTVNDT—HICE D TRRBICHAT D EEFTE/RL)
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RERIQEEAT A
> T2 —XfEMT (complete-case analysis)

» ZEMRAZEL (multiple imputation)
> EHTTEEAT (weighted analysis)
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S-Sty b~
_

1.129 0.049 1.084
1 0.694 0.602 1.018 -1.240
NA -0.761 1.229 0.922 -0.343
0 -0.809 -1.464 1.089 NA
NA NA -1.527 -1.459 1.084
1 -0.243 -1.488 -1.449 -1.132
A (not available) 2%, [l Z5RUET 13

= _/\0 77
ST — ABEMNT
FRY; ) 1.129 0.049 1.084
1 0.694 0.602 1.018 -1.240
NA -0.761 1.229 0.922 -0.343
FRIL =) 0 -0.809 -1.464 1.089 NA
NA NA 1527 -1.459 1.084
1 -0.243 -1.488  -1.449 -1.132
ML & 1 DDERC RN B DHREERILET 14




Z &AL (Multiple Imputation)

> T—Atzv MPOKANEICHT U T, BHRRAEZIRBDHAD
CEICKDT, BT ET -7 L. CNICK> T,
IR TOFATRERT — 4 Z AU\ zCoxmIFR E DT ZEITD
CENTEBLDICTS

> AU TUESET — YDA EREZRMT DIz8. EED
HREZEMR L. TORETRERODT —F DEROEFEITERZHR
BIBDEICKDT. MERERZRMRUIEDRERZ5XD
CENTES

Rubin (1987) 15

TANEDA A (Imputation) & (& ?

0 0.125  1.129  0.049 1.084
1 0.694  0.602 1.018 NA
e R
0 -0.761 1.229 0.922  -0.343 FEAED., XAlfEZ
N = 4\ =
0 0.809  -1.464  1.089  0.870 Ic ';’,‘/U bji DAETIEDD
1 0.327  -1.527  -1.459 NA
1 0243 -1.488  -1.449  -1.132 | 1.084 |
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Z &AL (Multiple Imputation)

X X, X3 X4 X5 -1.240
0 -0.125 1.129 0.049 1.084 @_0.898

1 0.694  0.602  1.018 NA -
0 0.761  1.229 0922  -0.343 1D°CE>IR<,

e == ORI
0 0.809 -1.464 1089 o870 189 ) =¥ 7C

AHuns ! |

1 0.327  -1.527  -1.459 NA [0.911|

1 0.243  -1.488  -1.449  -1.132 o84
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Example : WCGS cohort (&¥DHEH|7—4)
x age bmi sbp chol smoke nael d
1 1 44 25.12681 NA NA 1 0.10795017 0
2 0 50 24.38779 138 145 1 0.08503904 0
3 <NA> NA 25.12681 108 NA 1 0.05685942 0
4 1 45 24.70547 142 239 1 0.08908341 0
5 1 43 21.63297 110 192 0 0.02710404 0
6 1 43 25.84751 120 261 1 0.09454780 0
7 0 39 25.85015 126 212 1 0.08257678 0
<NA> . . . o o J—
DRI e 0 A (not available) VRIS HERTT
10 1 46 24.69350 146 214 1 0.10795017 0
11 <NA> 59 25.88195 172 NA <NA> 0.08986772 0
12 <NA> 39 26.74163 142 195 0 0.06687382 0
13 0 NA 21.54179 116 NA 1 0.10224847 0
14 0 44 18.77121 148 189 1 0.10795017 0
15 <NA> 51 26.65525 130 301 1 0.08257678 0
16 1 55 25.57023 146 250 0 0.01795665 0
17 0 54 20.73197 114 179 0 0.08452936 0
18 0 43 21.52428 120 261 <NA> 0.10795017 0
19 1 42 23.10889 110 237 <NA> 0.12968930 0
20 <NA> 42 22.73030 110 268 <NA> 0.08664442 0 18




1HHB DT —F =LA
X age bmi sbp chol smoke nael d
1 1 44 25.12681 114 236 1 0.10795017 0
2 0 50 24.38779 138 145 1 0.08503904 0
3 0 46 25.12681 108 227 1 0.05685942 0 — —
4 1 45 24.70547 142 239 1 0.08908341 0 ZEAANET. RAT—SZIBOHIZHERTT .
5 1 43 21.63297 110 192 0 0.02710404 0 WO —4Ftv MNIlE. AU EDER
6 1 43 25.84751 120 261 1 0.09454780 0 8 —
7 0 39 25.85015 126 212 1 0.08257678 0 <. a_/\_cgr);dg%%@T 9%1§D_C‘ Cox[al
8 1 47 23.73116 136 203 0 0.09820397 0 IRk EDLEEMAZEITD NTEFT,
9 1 45 23.69597 114 200 1 0.10224847 0 ZEARANEE T8 5 — /@%ﬁ%? S
L1 5o 25.0m195 170 282 10.08986772 0 MI3] CElLdoT, RALLT—5ZTH
’ ’ N
12 1 39 26.74163 142 195 0 0.06687382 0 I DINERMZERIRT DECIRDDITTIN,
13 0 40 21.54179 116 213 10.10224847 0 N1 BT —4A RN ET,
14 0 44 18.77121 148 189 1 0.10795017 0
15 1 51 26.65525 130 301 1 0.08257678 0
16 1 55 25.57023 146 250 0 0.01795665 0
17 0 54 20.73197 114 179 0 0.08452936 0
18 0 43 21.52428 120 261 0 0.10795017 0
19 1 42 23.10889 110 237 0 0.12968930 0
20 0 42 22.73030 110 268 0 0.08664442 0 19

2B DT —IZ A
x age bmi sbp chol smoke nael d
1 1 44 25.12681 146 235 1 0.10795017 0
2 0 50 24.38779 138 145 1 0.08503904 0
3 0 50 25.12681 108 261 1 0.05685942 0
4 1 45 24.70547 142 239 1 0.08908341 0
L searm o0 sen 1 oloaieinen o 2 BRI — T TIRDIIER 12D,
. . A ==__ V) = [
7 0 39 25.85015 126 212 1 0.08257678 0 1“'%H§0)%ﬁfj_ 25/ L/C‘Q”_f*ﬁ&%i@ﬁ
8 0 47 23.73116 136 203 0 0.09820397 0 26 . WREDT —F(TEDCEMNMDMDE
9 1 45 23.69597 112 200 1 0.10224847 0 3,
10 1 46 24.69350 146 214 1 0.10795017 0 . ' "
11 1 59 25.88195 172 280 0 0.08986772 0 [EDOREONERIEZZEI DN (3. HF
12 0 39 26.74163 142 195 0 0.06687382 0 BRTZILIVUXAT, BHIAREREINTVET,
13 0 42 21.54179 116 209 1 0.10224847 0
14 0 44 18.77121 148 189 1 0.10795017 0
15 1 51 26.65525 130 301 1 0.08257678 0
16 1 55 25.57023 146 250 0 0.01795665 0
17 0 54 20.73197 114 179 0 0.08452936 0
18 0 43 21.52428 120 261 1 0.10795017 0
19 1 42 23.10889 110 237 1 0.12968930 0
20 0 42 22.73030 110 268 1 0.08664442 0 20
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50fHB DT —FZ A

X age bmi sbp chol smoke nael d
1 1 44 25.12681 118 263 1 0.10795017 0
2 0 50 24.38779 138 145 1 0.08503904 0
3 0 47 25.12681 108 249 1 0.05685942 0
4 1 45 24.70547 142 239 1 0.08908341 0
5 1 43 21.63297 110 192 0 0.02710404 0 5 0 #EE T — 9 TR R EINE T,
6 1 43 25.84751 120 261 1 0.09454780 0 — = - P
7 0 39 25.85015 126 212 1 0.08257678 0 ZDLKD(c, ?E%‘ﬂ%ﬂﬂiﬁi?ﬂ?;?ﬁmj‘—gt‘y
8 1 47 23.73116 136 203 0 0.09820397 0 2z, IARTCoxmIRFREDHFETHITL T,
9 1 45 23.69597 136 200 10.10224847 0 ZNEDMEEZRES L. BRENL) \U— RtD
10 1 46 24.69350 146 214 1 0.10795017 0 = = = = N
11 1 59 25.88195 172 266 0 0.08986772 0 ;E‘IETE?{Eﬁ’EIZFEﬁ%?Tga_étb\j@b\‘ EL
12 1 39 26.74163 142 195 0 0.06687382 0 KRANBICLBDBINFELETT .
13 0 52 21.54179 116 282 1 0.10224847 0
14 0 44 18.77121 148 189 1 0.10795017 0
15 0 51 26.65525 130 301 1 0.08257678 0
16 1 55 25.57023 146 250 0 0.01795665 0
17 0 54 20.73197 114 179 0 0.08452936 0
18 0 43 21.52428 120 261 0 0.10795017 0
19 1 42 23.10889 110 237 0 0.12968930 0
20 1 42 22.73030 110 268 1 0.08664442 0 21
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ZEZENTENEFNTL. 10018 D DCoxEIFDIERE1SD

» EXRAE (Rubin’s Rule) (CHLDT. 10018 D DCoxElFDHE
RzHia L. =N/ \U— RILDETFBE L EEXEEESD
CENTES

» #HTE (KAFT—FDFR) ORERMEERIRLICEERIRR
JI\H— RILDEEE L EEXBIZEDICENTES !
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> HEEAIVEMITENEBUEET. FEXURECHSNT,
BEDEH X I T&8lleansd] RATSD] EVWDSERICD
WC. OZRA v ohlRZETEH,. [RAZRLRI TRV
R (B 77(CHEY) | ZEFEITD

> [REIZERIIRVVER] DOFRICKLO>T. BENREETEH
DT I D247 (inverse probability weighting; IPW)

> EEIX IV DIPTWEERURIBT, IES>2HLARKAA L
AICKD>TEUBINA T ROAEEN T EE
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TARMOS ([C K BRI AEICDUVVTORED

> MARDE & TOFEMAEE LTI, ZEARAZE (multiple
imputation; M) NEZBFEAAEE U TERAETNTLD
> MIDERE EDF|=
> INRTOEERFETY I NI TV ICERSNTLD
» {#BENZEEL (auxiliary variable) DIBFEHRZHIFHAFHFTOT L)
> RERRFTZEITLTO)
> RAUEST — S DAL TN

TARMOSICH T DHENZEE & (L. FIBBAETILICEDSNDEE TR
MITE EDETTDRIBIA D Z X LR AT — I DDIDHB (CERRESRZIET.

Lee et al. (2021) 24
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TARMOS ([C K DR AEIC DULWTHOKRED

> BEAHMIEEET (IPWE) (LBIRER(CIFIRADEDIN,. HA RSA
ST, ECETEERAEEUTOERIEESNTULRLY
> BIRMAL TIE. WED. KAERDET)LDSBAZEN K
AL TWVWBRT—ZINKRE (IPWEDHIRE LT, XAIFER
DEFTILDFRAZEEUC (& 1 DEXEINGD D TIEULFIRLY)
> RECRHWBZOHICIEELAER - stELOREENZNES
SERENTULD (Lee et al., 2021)
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TARMOS ([C K DR A/ EIC DULWTHORER

> BRI —AEEM(E. MCARDIRENZEH TRWGSI(C (SR
NIBWEWDDNCNETDEMR CTH DI

» UMW U. IBEDIAFTICKI DT, IRE - 7D ML - THEER
(CZ < DIBERMNEONIEDIFTRIFNE BIXEE. ZEHS5%
KBOWREBE(CDHCZDIEIHZEIRE) « EDKDICREIZ
WO TH., (FEAERBRICKREGTIRLS, BT —AFFNEF
BEINDEEMNDBKIDCEIRDTETLVS (Madley-Dowd
et al., 2019)
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TARMOSIC KB E#TAEIC DLW TDHOARED®

> Ffo. EEFXFTOMRRICED., T2 TIE. MCAR
DOMBCE. FFFRIQZEF T T/ A T ADIRVNERNESNDBC
EMRHM> TS

> BFICEEREM  BIRETILICHITDIIRNTOR TS
KADIBEAN, 770 MHALAERERRVNDTHNL., BRE—
7 NHALADEEL, T2 — @R T. I\A 7R <HEE
IBCENTED (KAIE. MNARTHDTHEOK!)

> MICKBERTIE. COZETIIINATINAD

b BT IR MU TORESFFDO 1 DELTEDS
CENTED

Hughes et al. (2019), Lee et al. (2021) 27

TARMOS ([C K DRI AEIC DULWTHORED

> MARDIRTEN B DIZTZIRWNEEZ BSND EE(CE. MNARDIR
EDE ETORERMZITONET, ESNTULD

> RBEFTICEESINGEDSFUAE HHNVEREETSSHT
Emmmad D&, BRICEFETD

p BE(E. 1M DIEEORFICEEREZRICITIA—HNALTS
MZEITDCEN N TH D

p Flo, FRIDEED. FUENCEE - EMAFEENSS
THEHDN. LTIV FETOFMEZITS C &EE0]8EE
THDEERINTLD (i)
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Step 2a. T—H%&ANRD

> RBIDOADZXACET DR ZEITD

> 1. AT ETILICAVWSNBA IR TODEEICDWNT., KHl7—
SDEEGERIRERT &

> 2. BERT —AINESNIZA vs. TDTRUVA, ZL<DEE
(CRBINNSBDTZA vs. TDTRWVA IRE. OB TERISNZ
BEICDWTEEDEREZRI &,

> 3. RAIABDZXAICEETIER (FRRTF) OFFHEZETD
CEo BRET—AHATHINEDINZT I NAOLEREUE
O X woNRETILIC, BEUESZIERZRPEZINE
ULTEFTIMELT. =TS,

Lee et al. (2021) 29

Home Study at Bristol About

Bl University of

BRISTOL Avon Longitudinal Study of Parents and Children

Avon Longitudinal Study of )
Parents and Children "Our @30 clinic has
launched. Our original
Participants babies are now turning
30, for the first time we
Researchers are inviting all three §
4 H \
generations to a single €z Coronavirus (COVID-19)
COVID-19 research H 3
clinic, called @30. | )
Read about how we're contributing
News Professor Nic Timpson, to vital COVID-19 research
Principal Investigator
Ato Zindex
About Popular links
Complete your questionnaire
Contacts To mark Children of the 90s 30th year, we have embarked on our largest data peteyound
Submit/amend a research proposal
collection yet. We are inviting all three generations of participants to attend - the N
View the latest data releases
Media original Children of the 90s, their parents and children. Read more

Update your contact details
Dacanrchar intandinuc

http://www.bristol.ac.uk/alspac/ 30
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Supplementary Table 2: Summary of the variables in the analysis model for the ALSPAC case study
including the amount of data available for each variable, and a summary of the characteristics for the
enrolled sample and those with complete records.<

Characteristic<’

Available data
(n=14,684)
N (%)

Enrolled
singletons and
twins alive at
one year and
not withdrawn
(n=14,684)'

Complete  |¢
records<’
(n=3,313)<

Sex Male© 14,684 (100%)<| 7,536 (51%) | 1,559 (47%) |¢
Female< 7,148¢ 1,754¢

Parity [ 12,924 (88%) | 5,770 (45%)~ | 1,628 (49%)< |
1¢ 4,539 (35%)< | 1,181 (36%)<
2+ 2,615 (20%)< 504 (15%)<*

Mother's 0 level/lower< 12,412 (85%)< | 8,022 (65%) < | 1,800 (54%)< |¢

education< Alevel< 2,791 (22%) | 932 (28%)«
Degree/higher<’ 1,599 (13%)< | 581 (18%)<

Father’s education<| O level/lower< 10,717 (73%)< | 5,445 (51%)< 1,473 (44%)< |«
Alevel 3,104 (29%)< 1,054 (32%)<
Degree/higher’ 2,168 (20%)° | 786 (24%)

Mother’s smoking<’| Never smoked< 13,242 (90%) | 6,413 (48%) | 1,958 (59%)< |«
Smoked, not in pregnancy< 3,584 (27%)< 934 (28%)<
Smoking in pregnancy<’ 3,245 (25%)< | 421 (13%)<

Paternal smoking

No<

10,690 (73%)

4,419 (41%)-

1,624 (49%)° |

o
score

(ever smoked)<’ Yes<® 6,271 1,689¢
Behavioural Median (IQR)< 7,289 (50%) | 6 (4-10)° 6(4-9) e
difficulties score at

81 months<’

Attainment score | Mean (SD)< 11,813 (80%)< | 65% (16%)< 71% (14%)°  |¢
at 11 years”~

Smoking at 14 [T 7,211 (49%)° | 6,762 (94%) | 3,123 (94%) |©
years< Yes< 449 (6%)< 190 (6%)<*
Outcome: Mean (SD)° 12,020 (82%)° | 58% (18%)< 67% (13%)° |¢

Note, there are 3,313 participants who have complete data on all of these variables required for analysis
(23% of the original 14,684).<
 Denominators vary because the variables come from different sources/questionnaires and have
different completion rates.<"

Lee et al. (2021)
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! y Table 3: Predi of being a case in the ALSPAC case study (n=14,684)'"
Characteristic<’ e Crude odds ratio (95% | Area under |
fid, interval)e the curve<
Sex<’ Male< 1.00¢ 0.53¢ €
Female< 1.25(1.15, 1.35)<
Parity<’ 0¢ 1.00¢ 0.54¢ €
1¢ 0.89 (0.81, 0.98)<'
246 0.61 (0.54, 0.68)<
Mother’s education<’ O level/lower< 1.00¢ 0.57¢ ¢
Alevel« 1.73 (1.58, 1.90)
Degree/higher<’ 1.97 (1.76, 2.21)<
Father’s education<’ O level/lower< 1.00¢ 0.55¢ €
Alevel« 1.39 (1.26, 1.53)
Degree/higher<’ 1.53 (1.38,1.71)<
Mother’s smoking<’ Never smoked< 1.00¢ 0.59¢ €
Smoked, not in pregnancy< | 0.80 (0.73, 0.88)<
Smoking in pregnancy<’ 0.34 (0.30, 0.38)<’
Paternal smoking (ever No< 1.00¢ 0.56¢ €
smoked)<’ Yes<’ 0.63 (0.58, 0.69)<’
Behavioural difficulties For each 1 point increase<’ | 0.96 (0.95, 0.97)< 0.55¢ €
score at 81 months<
Attainment at 11 years<’ For each 10% increase<’ 1.47 (1.43,1.51)< 0.66< €
Smoking at 14 years<’ No< 1.00¢ 0.50¢ ¢
Yes< 0.85 (0.70, 1.04)<
Outcome: attainment score’| For each 10% increase<’ 1.67 (1.61,1.73)< 0.70< ¢

1Denominators in each analysis vary because vary because the variables come from different
sources/questionnaires and have different completion rates.<

Lee et al. (2021)
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ALSPAC study C Df#EHTEEH5l

» ALSPAC studyTl&. 14,684 AMDDEM3,313. N (23%) (CUHN.
AT (CHBIR I R TDERICHENT, TRRAT—FHMiI> T
Lo Tz

> TET—AINEONIEHREL. F1FCThHolEE. i
THhHdIE. MHNIEFETHDZE. MHNIFEYEETH
DL REDEHFICERIT D ANMEMBICEZ DT

> FF T, 77D MHLATHDFZFEME E 135 TR CDEEKRILAY,
RET—ATHDELBERREEND DI

» Complete Case AnalysisT/\1 77 AMASRNEFEZR(CL

\ 7?7
LY 1

ALSPAC study CDE#ATEHI

> LLEDZTEMNS. (1) BET —ADEUIZEZEBAEMBICR
WEIC, 2) 7D DAL ESEFERZEEORANCEIEL TLY
DEEZBND

> (2) 5. BRI —XREERTIII\ATFINEL BEEEND S

> T2 (1) B, BET—RAFBATE. BRI ESNDIHRENS
<. HEEREZTE(LTEIARENSDD

> MICKBERT., \A 7 RZERL. BEZNETETDL
NEAFEND

> E/z. MNARTOXRBINEE > TLWROREMEBEECEI . /K

BT ZITDCENEETHDIEEZERAEND 34
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Step 2b. FRATETIEI(CAED T, BT ZEITD

> I EDODIIC KD T, FETE (CRENTEARENEHRED
ThHdEEZSNDIHEICIE. BRIGTBISNIZFERZITD

> —H. CCETCOT—AFTVIREOTOTCRAZRET, fE
WETBEZZE I INBENSDBE(ICIE. BEIRDHESND,
ZlZU. 7DIEZH{E (IBHLDEREE) HwmETHD

Lee et al. (2021) 35

Step 3. X _ETODIREF(ICDLT

» MethodsdDtZ2= 3> TlE. FTICHNT. RET—FNED
KD CHONTEVZRINRNETTHD (REFTESH)

» TUT. ZNHERICEESNIZHED (prespecified) THD
N BBDNE. BEMIZSNTEEDTHIMNCDOVNTHIR
ENREINBIRETHD

Lee et al. (2021) 36
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Step 3. X _LETDIEREICDULT

> FEMTOOFERZ. EREREVREEIR(C. KA —SYDHERBEX
TEERIRZITUN. IREZITONRETHD

> REMITZTSH. INTOEFTOERENBLULUIZEDERD
DTHNUE, KRBT —IWERICHEXBIFEFIKELRANE
Yl cED (FERMEOHESR)

> —F. BIAECKD T, BENMNBVLESKIDTHIUL, £
DIEWVWCDWVWTDRAZITDOCENEETHD

Lee et al. (2021) 37

ALSPAC study CDO¥REDZEH

Table 2. Analysis of the relationship between smoking at 14 years and educational attainment at 16 years

Number of observations Regression coefficient % 0f missing smoking values

Method of analysis in the analysis (95% CI) P imputed as “smokers”

Primary analysis: Multiple imputation 14,684 -10.8 (-12.2, -9.4) <0.001 1813

Complete records analysis 3;153 -7.9(-9.1, -6.7) <0.001 N/A

Sensitivity analysis—sensitivity 14,684 -10.9 (-12.4, -9.4) <0.001 14.2
parameter = 0.1

Sensitivity analysis—sensitivity 14,684 -11.0 (-12.3, -9.6) <0.001 15.5
parameter = 0.25

Sensitivity Analysis — sensitivity 14,684 -11.0(-12.3, -9.6) <0.001 18.1
parameter = 0.5

Sensitivity analysis—sensitivity 14,684 -10.7 (-11.8, -9.6) <0.001 24.2
parameter = 1

Sensitivity analysis—sensitivity 14,684 -4.3(-4.7, -3.8) <0.001 99.8

parameter = 10

BERTCE. MICED\WFI-RETETILA
BOSNTNS (&) Lee et al. (2021) 38
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—= — 7] —_
RTERICHEFIZ LU TCHELD
Article
August 25,1975
Coronary Heart Disease in the Western
Collaborative Group Study
Final Follow-up Experience of 8 1/2 Years

Ray H. Rosenman, MD; Richard J. Brand, PhD; C. David Jenkins, PhD; et al
» Author Affiliations
JAMA. 1975;233(8):872-877. di

1001/jama.1975.03260080034016

Abstract

Clinical coronary heart disease (CHD) occurred in 257 subjects during eight to nine years of follow-up (aver-
age, 81/2 years) in a prospective study of 39- to 59-year-old employed men. Incidence of CHD was signifi-
cantly associated with parental CHD history, reported diabetes, schooling, smoking habits, overt behavior
pattern, blood pressure, and serum levels of cholesterol, triglyceride, and B-lipoproteins. The type A behav-
ior pattern was strongly related to the CHD incidence, and this association could not be explained by associa-
tion of behavior pattern with any single predictive risk factor or with any combination of them.

(JAMA 233:872-877,1975)

https://jamanetwork.com/journals/jama/article-abstract/337636 39

E5—4 : cohort72.csv

A-TLAFOR  BGU T4 @M ®m LS Acrobat Sk s A -
o T 5 | Ben - | T+ A
Juan | =EE=9- & e - ﬁ,@ s v O
@-a-li~ B-m-%o 98 PRI mes | oo IR

5 5 £ 5 2540 o = ~
Al - % | D .
d A B c D E F G H | i K 15 M N | o P (98|
1 [ip’ Ix age ages5  bmi sbp. chol smoke t ] =i
2 ) 1 “ 0 25.12681 1 318 0
3 2 0 50 0 2438779 138 145 1 o8 [
4 3 0 2512681 108 1 2088 0
5 4 1 4 0 2470547 142 239 1 293 0
6 5 1 3 0 2163207 110 192 0 1075 [
7 6 1 3 0 2584751 120 261 1 3008 [
8 7 0 39 0 2585015 126 212 1 288 [
9 8 4 0 2373116 136 203 0 302 0
10 9 1 45 0 23.69597 200 13080 0
1 10 1 4 0 246935 146 214 1 359 0
12 1 59 1 2588195 m2 2965 0
13 12 39 0 2674163 122 155 0 238 0
1 13 0 0 2150179 16 1 38 0
15 14 0 a“ 0 1877121 148 189 1 359 0
16 15 51 0 2665525 130 301 1 2860 0
17 16 1 55 1 2557023 146 250 0 820 [
18 17 0 54 0 2073197 14 179 0 2883 0
19 18 0 3 0 2152428 120 261 3148 0
20 19 1 ) 0 23.10889 110 237 3366 [ s

chot72 [ @ “ 1 ®

BEET T PICHYT HEEE ] -———— 0% 40




=5 —4 : cohort72.csv

x: MA&DF 1 (Type Aor B; 0 or 1 ; E/=DRBEZEE)
age: Fifip (@)

bmi: BMI

sbp: UNHEEAINE

chol: ML X>O—-)L

smoke: EMEDHHE

t: DIMBEAARY MREFXTORRE (B)

d: DIMBAXR> MREOEE (1: /5, 0: #)

vVvvvyvVvvVvyYVyYy

41

dinl

E{5|>-—4 : cohort72.csv

» WCGSDOA/R— bDHF NS, 3000 A% S >4 ATEE

> BHRKAUADZXLETILZRANT., LWDHIDEHIC.
AIHRRRHZE O ETBEBTVET

» CoxEIFEFTILEEEBFMETILEL T, LIMEANR hD
FERE S ARSI (Type Aor B) OBEE%R, BL2DYURD
BFA (&5, BMI, ME, JLXFO—JL, BUE) ZFEALE
FTFHMBHLUTHEKLD !

42

21



TARMOSODIEETICE D < A4/

> O WRERDERCHITD. RAF—HDE:T - sdh=iTH
>,

> @ RBIAADZZXALCDWNWTODHEITLN. EOXDIRFE%R
BWONEZEMERETULD

> @ QOPDIDEREGEE(C. TET DM, M, RRESFT
MNSZHRGEZETE L. %B,T\(;%“—/Sf@ﬁﬁffﬁ%b‘caﬂ:o

43

S—Atwv N AHIAFH

> setwd ("D:¥¥juntendo2023")

>

> wcgs <- read.csv(file="cohort72.csv", header=TRUE)#$ T —4tv hNDFMHAH
> head (wcgs, 20)

ID x age bmi sbp chol smoke t d
1 1 1 44 25.12681 NA NA 1 3128 0
2 2 0 50 24.38779 138 145 1 2888 0
3 3 NA NA 25.12681 108 NA 1 2068 0O
4 4 1 45 24.70547 142 239 1 2939 0
5 5 1 43 21.63297 110 192 0 1075 0
6 6 1 43 25.84751 120 261 1 3008 O
7 7 0 39 25.85015 126 212 1 2858 0
8 8 NA 47 23.73116 136 203 0 3026 O
9 9 1 45 23.69597 NA 200 1 3060 O
10 10 1 46 24.69350 146 214 1 3159 0
11 11 NA 59 25.88195 172 NA NA 2965 0
12 12 NA 39 26.74163 142 195 0 2398 0

44
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RIS — 5 Dkt

library ("gtsummary")

>
>
> wcgs2 <- wcgs %$>% select(x, age, bmi, sbp, chol, smoke, t, d)
> # EETEED WEHZIEE

> table2 <- tbl summary(wcgs2)

>

>

table? + BHETEZ—EBEL. BAOLFRT.

gtsummary(d. BEERIAZEDRX DTable 172 E(CIRRT DENFEIEE —IETET S
ZENTEZNNWT—2TY,

45

€€ b2 Characteristic N = 3,000
gtsummary” DOH S x
0 1,286 (54%)
1 1,075 (46%)
A2 =2 NITSOYREC, BDLIRET—FN = o
HAESNBINEBWET., CDHT—F%. BHRETED = et
EHEREUVTCRDEFERFED CENTEET, ) unknoun *
mi 24.41 (22.98, 25.87)
sbp 126 (118, 136)
BEET. KA TUnknown| ENEESNTNET, |
chol 221 (195, 250)
Unknown 396
TNTNDOEHFETEL. RAT—F&KRE,. Billah iiic
=5 —% (available data) WSEtESNTLET, ° 19167
HFTVURIIVERDEIESS. BllanieT—5DHhTD ! 100
FEELUTRHEENTWLET, yrknown oot
t 2,940 (2,842, 3,038)
?n(%): Median (IQR) = 46




RIS — 5 Dkt

library("naniar") naniar(d, RBIF—4DESETS ImHOREED, J
ST LY=L EENTWVWB/I\WH—STT,

VvV Vv

> miss var summary (wcgs)

# A tibble: 9 X 3

variable nmiss permise ERIDHEEE, MBCBRE<EABIDTIN. ZCT
e L u F. REF—SDEEHY —ILDFH, TRALET
1 smoke 664 22.1 v KR a v —mall °
2 x 639 21.3
3 chol 396 13.2
4 sbp 273 9.1
5 bmi 119 3.97 miss_var_summaryB#zE>S & TSty hhlHh
6 age 84 2.8 3. BERORANDE EEEE, —FBUTEHHELTL
7 ID 0 0 nxEdJ,
8t 0 0
9 d 0 0
47

RBIF— 5 DT
A//H\I d) m]
cc <- complete.cases (wcgs) # Complete-caselCMINT DITESEIELET.
wcgs.c <- wcgs[cc, ]
wcgs3 <- wcgs.c $>% select(x, age, bmi, sbp, chol, smoke, t, d)
# EFTEED EWEEZEEE

table3 <- tbl summary(wcgs3)

table3 # Complete-caseMEMICHITD. B2 —EtEL. HHULET,

complete.cases&EWWDSBEE T, T —F Y MEDRET — X CHIET DHRED
TESEEEIDIENTEET,

F—=Aty bz, WIETDITICREINE. BE2IT—RDT—Ftw NEERT
BDENTEFEY,

48




“gtsummary” D]

Characteristic N = 1,544

X

{2 —2y NISTURERL, ADESREF N ’ e
HEAENBINERBNEYT. CDFT—F%&, EHRSTED 2 i
SRR ELULTZEDFTFES LN TEFT, age 45 (41,49)
bmi 24.39 (22.83, 25.85)
sbp 124 (118, 134)
@t —ARELEF— 51y MIDT, RAFOE e e
DEHDFRA. MREEML. 154ANCHO TS ek
DT, ¥PEFEEOMREIC(E. P2 EE 1 DOEHT 0 949 (61%)
RAN BT ECRDET, 1 P
t 2,952 (2,864, 3,047)
d 27 (1.7%)

" n (%); Median (IQR)

49

= =
E%’\J%ﬁﬁf%d) FL&DH
= = =
(N=3000) observed data (N=1544)
x (main factor) 2361 (78.7%) 1075 (45.5%) 588 (38.1%)
0 1286 (54.5%) 956 (61.9%)
age 2916 (97.2%) 45 (42, 50) 45 (41, 49)
bmi 2881 (96.0%) 24.41 (22.98, 25.87) 24.39 (22.83, 25.85)
sbp 2727 (90.9%) 126 (118, 136) 124 (118, 134)
chol 2604 (86.8%) 221 (195, 250) 214 (190, 239)
smoke 1 2336 (77.9%) 1005 (43.0%) 595 (38.5%)
0 1331 (57.0%) 949 (61.5%)
t (outcome) 3000 (100%) 2940 (2842, 3038) 2952 (2864, 3047)
d (outcome) 1 3000 (100%) 248 (8.3%) 27 (1.7%)
0 2752 (91.7%) 1517 (98.3%)
50
XOEHRERE, PRIECIQREEIMITE(CAVTVET,




T —AEEET DSER DI

library ("epiDisplay")
cc <- complete.cases (wcgs) # Complete-caselcMIGT DITESZIELET.
wcgsS$R <- as.numeric (cc) # Complete-case CTHINEDHZE. {0, 1} DEHTEEHELET,

# TET—ATHDINEDINE, BHEZEOEDNLBEEGZEEZEOS AT« v IEIFTONLET .
logistic.display(glm(R ~ x, family=binomial (link="logit"),data=wcgs))
Logistic regression predicting R

OR (95%C1I) P(Wald's test) P (LR-test)
x: 1 vs 0 0.42 (0.35,0.5) < 0.001 < 0.001

Log-likelihood = -1472.7338

No. of observations = 2361
AIC value = 2949.4676

51

FTET—AERET DIERDDH

x (main factor) 1 0.42 (0.35, 0.50) < 0.001
0 1.00

age 0.96 (0.95, 0.97) < 0.001

bmi 0.95 (0.93, 0.98) 0.001

sbp 0.98 (0.97, 0.98) < 0.001

chol 0.99 (0.99, 0.99) < 0.001

smoke 1 0.58 (0.49, 0.69) < 0.001
0 1.00

t (outcome) 1.00 (1.00, 1.00) < 0.001

d (outcome) 1 0.10 (0.07, 0.15) < 0.001
0 1.00

52




T —AEEET DSER DI

> BERSNTCNDIINTOREN, BRELGEEZRUE

> FF T, PO RHALAERAADZXAEROEEN DD Z EN
REENTLNDS

> TET —AEERCKDIDNS (/A TFARNADTUEDY
RIONHD |

> Ffe. TET—RERTE. FEEFEDOHRENFRINT
LESes. HEBEPREDDERNAEN

> RAIANZX L ZEZRB ULLEZENNEREDFERTTENLD
HZHTHDEERIBND

53

STET — AT

library ("survival")

gml <- coxph(Surv(t,d) ~ x + age + bmi + sbp + chol + smoke, data=wcgs)

>
>
>
> summary (gml)

n= 1544, number of events= 27
(1456 observations deleted due to missingness)

exp (coef) exp(-coef) lower .95 upper .95

x1 1.3063 0.7655 0.6095 2.800
age 1.0711 0.9336 1.0019 1.145
bmi 1.1269 0.8874 0.9597 1.323
sbp 0.9824 1.0179 0.9513 1.014
chol 1.0028 0.9973 0.9928 1.013
smokel 1.2140 0.8237 0.5578 2.642

1456 AT, A< EB 1 DORBELRICKAN DD, BN SRISNTNET,
BEAIOD3RL VU R ZBEDU S DOV, BB L & WV SIERICA> TLET, 54




ZERNE

> library ("mice")
B <- 100 # number of imputations; in practice, B should be set to >= 100.

>
>
> attach (wcgs)
>
>

nael <- nelsonaalen(wcgs, t, d) # Nelson-Ralen estimator for cumulative hazard
function
> wcgs4 <- data.frame(x, age, bmi, sbp, chol, smoke, nael, d)
# CCICANTEEROMBT. EHAERNZHA T, MIZITD ; cox@FDHEF. AR bDIEREE (4) &
Nelson-RAalendfiEME (nael) ZMITANELLD !
>
> detach (wcgs)
>
> imp4 <- mice(wcgs4, m=B) # Multiple imputation by MICE

RD) Vw4 —= mice T. MICE (multiple imputation by chained equation) (C k2%
BERANEZE., BRIV RTEITIDIENTEFET, 55

EHAEmIS : MICEIC KD TZ1TD L CTOER

» EARBJ(C(E. Chained Equation(C (. ##ATETILDI7 I A
LEBIIANFELELD
> 7O RNBLR. BEFIUELESNDRE - [IBEHDOLWINHE
BhiENdd5Ea (BREENZEELTWND) . I RAOA
ZEDNIAD TORWNWEI\AT7IAMNADTUES
> B - 2MEZEE. FDFFANNULKL
> EEFFEIOBEE. AR MERZEE & Nelson-AaleniEE(E
(nelsonaalenBd#i CETER]) ZAND ERVVELLEICKDC
EHRESNTULYSD (White and Royston, 2009)

56
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MICE(CRDZERANE

> imad4 <- with(imp4, coxph (Surv(t4,d) ~ x + age + bmi + sbp + chol + smoke))
> estd <- pool (ima4)
summary (esté)

term estimate std.error statistic df p.value

\%

1 x1 0.579260092 0.178328975 3.248267 103.79639 1.564692e-03
2 age 0.057796930 0.012000618 4.816163 204.07706 2.848453e-06
3 bmi 0.063551504 0.026557025 2.393020 191.41599 1.767705e-02
4 sbp 0.016796705 0.004529328 3.708432 159.65890 2.873406e-04
5 chol 0.007190536 0.001937923 3.710433 116.33398 3.188196e-04
6 smokel 0.583376552 0.187925209 3.104302 88.11244 2.564576e-03

withBZER EpoolBE T, ZEANEC KL BMTROMESHITOBREZL DTSN
TEFT, BRE EFFREORT—)ILTUMNETIRVDT, OZR5+ vomlE
PCoxEIF TDRMZEITIIHEC(E. expBAETE#Z LT, Ay X/ \F— RiE
[CEULTHS. EROBIRZEITDZEICLELLD,

57

MICE(CKDZENRANZE

> sum.coxph (est4) # MICE(CKDcoxM)RDIER%E, J\U— RILICERUET
term HR 95%CL 95%CU P-value

1 x1 1.784717 1.253098 2.541873 1.564692e-03

2 age 1.059500 1.034725 1.084868 2.848453e-06

3 bmi 1.065614 1.011232 1.122921 1.767705e-02

4 sbp 1.016939 1.007882 1.026076 2.873406e-04

5 chol 1.007216 1.003358 1.011090 3.188196e-04

6 smokel 1.792079 1.233581 2.603435 2.564576e-03

sum.coxph&EWSEESE, BEDBEIETI N, micedE NS, J\H— REbIREZEET
B9 3B ERDTUVET, 3000 AEEDT —F = BRUCHEINTETVET,
FHF. BMIL, ME. JLXF0O—)b. BEREDBIAMDYU X OER (E. BAHEC. (O
BRBORESDEEZRUTNETY ., MH8DH1T (TypeAor B) &, [DLMEERE
DORIECBRBEEZRUTVETD,

58




RUEREAT (1) : RBIWIm/RT — X T O

p FREIBBEEZHCKAZRC UEUREDOBRELHZ. £8
[REHD ] [IRERU] (CHEUIIGE DR

> HSWPWBKRAAN X LZEERE LI ETORBMIRRT —X
THH. ZENTNDT —IATORENREDOH TSR, 5
HZERIRVEEICFEIT DD THNIL. EI=DFETOFERD
BN SZIFSNEEEZIDCENTEDS

p —EKED F. BEZHORAEIGHNNESWEETEIRS
& (RANLZWNE, —RICERIFIL<KEITETCLED)

> POEHUWTIN, TOTSASZZSEBIIZE0N

59

RE DTSR
—————————

ZEAANE < 0.001

BREEDXKAZZ I /N

T [BREHD] (I 3.38 2.41 4.75 < 0.001
U TeRRE AT

REDRAZIN

T [BREEIRL] (I 0.66 0.50 0.88 < 0.001
U Te R R

X [CDWTOXRBNZ WD (21.3%) « HROF K &EHEIFIAET <. COMRIRNHE
BRATHS (. REROHERCDVWTOEEEERT T EETERNENZ D,

60
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REREMT (2) : )\Y—IBEETIL

> MICEDZ)LTUXACHUFEZIMZ B ET. MNARZIETEL
eI = BEETIVLICK BB ZITSCENTES

> BLDHDIEE (e.g., TZBBREZE) DOEMDIRIC, £k
TV A7 (UREESERDFR D7) (. —FED
T O EIZD

> CNICEKDT. [BllenkzT—41 & IRAILET—4 ]
DEIT. T—FERDINERDEVNDINI-—EEETIL
(CEDLKHTEDERZITSCENTES

> CNEELUWTIN, TOJSA6ECSEBLZE0

Lee et al. (2021), Yuan (2014) 61

I\ —BEETTIVICKDREFRNTOMER
I T T

ZEANE 1.78 1.25 2.54 < 0.001
PMM (3 =—0.50) 1.53 1.04 2.24 0.031
PMM (8 =-0.25) 1.65 1.17 2.33 < 0.001
PMM (5 =-0.10) 1.73 1.17 2.55 < 0.001
PMM (8 =0.10) 1.81 1.26 2.61 < 0.001
PMM (3 =0.25) 1.98 1.35 2.90 < 0.001
PMM (& =0.50) 2.06 1.45 2.92 < 0.001

I —UREETIVICE D T xICRAER T UTEHRE (CHIT DIRBHEEOMEA W XA -0.50150.50
#HHECBNENTE. DROAMEF—BELTHED., —ELTARENHD ZEZERI D LN TER. 62
COEENT(E. MARDIREDSFENZELETE. EROBEEZER T DI LN TEREVNRBIESD,




AP AR AT DEEAR

» SEIE. RERENT (1) TE. BRESIEOHERIC DN TOERE
M(FRI CENTERM >IN, BEFMNT (2) (CXD>T. 8
JGDMARM S DIRTFEDFEBEN DD EETE., ERHIERTHD
BCEERICENTEE

b EEBBREBEZHORAEENKETVE., (1) DAEEDSELLL
2O, TRZIEGH NS E, EFEDATZX /s (MNARZE
E) OB ETOREROBREZRT CEN TIPS
SEICIRB

» BlIZ(E. BURBAXADZXLDEET. x DRBAEIEGHS5%IE

EBZRDLDICGREZEATTIZEICE... 63

IREEZ DR HAZ 5% & UTCimZE DFFriER

ZERNE 1.35 2.44 < 0.001
ST — AT 1.59 0.63 0.90 0.112
IREEDOXAZIN

T [BREHD ] (I 2.16 1.63 2.85 < 0.001
U TERAE R

IREEOXRAZIN

T [BREEIRL ] (I 1.27 0.98 1.63 0.068
U TeRAE R

HRODE) < EEE(E, KE<IRFED, ERDREZEHROXRA/(F—>DELET, 64
TOMOLEDEENSH D EZRELTND,
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IREEZZIDXRAZ 5% & UTEIZEOEETTER

ZEANE 1.82 1.35 2.44 < 0.001
PMM (8 =-0.50) 1.70 1.27 2.28 < 0.001
PMM (6 =-0.25) 1.74 1.30 2.32 < 0.001
PMM (6 =-0.10) 1.80 1.33 2.42 < 0.001
PMM (6 =0.10) 1.81 1.36 2.43 < 0.001
PMM (6 =0.25) 1.86 1.39 2.49 < 0.001
PMM (6 =0.50) 1.91 1.43 2.54 < 0.001

BHk(C, /NI —VRAETILICED T xICRAER S U RE (T3 DRBHEEROMEHA W XA -0.5
MS0.50FACEINENTE., FEAERRFEDSRNT ENRESNTND., CODIDERMNSE. 65
FEREHOXRAINE <BHUSE. FHERMECE (D) MERLLTEOEWS ZENM DN D,

HNDI(C

> BIRIARICHITBIRANT—FDEDIRWNDAEELUT.
STRATOS Initiative/»5. TARMOSH A RS > hAFREN/Z

» IRIRT(E. JAMA, BWRED—REEIRETHE. TNEFEZD
AEERRUIERFTRHX(IZ < IRNKDSTHDIH. S D
L9 D, TOERITHEATHNSEDEENMND

> DITCERESNDKEL, POVOEETHDEH. SE&E. &
SZRFRCHNTH. HAFTETEEEENS. +D7RFZ DRt
STREDFBRINMMNE(CIRD>TLBEDEFEETNDS

66
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» Hughes, R. A., Heron, J., Sterne, J. A. C., and Tilling, K. (2019). Accounting for
missing data in statistical analyses: multiple imputation is not always the answer. Int
J Epidemiol 48, 1294-1304.

> Lee, K. J., Tilling, K. M., Cornish, R. P., et al. (2021). Framework for the treatment
and reporting of missing data in observational studies: The Treatment And Reporting
of Missing data in Observational Studies framework. J Clin Epidemiol 134, 79-88.

» Madley-Dowd, P., Hughes, R., Tilling, K., and Heron, J. (2019). The proportion of
missing data should not be used to guide decisions on multiple imputation. J Clin
Epidemiol 110, 63-73.

» Royston, P., and White, I. R. (2011). Multiple Imputation by Chained Equations (MICE):
Implementation in Stata. J Stat Softw 45, Issue 4.

67

» Rubin, D. B. (1987). Multiple Imputation for Nonresponse in Surveys. New York: John
Wiley.

» White, I. R., and Royston, P. (2009). Imputing missing covariate values for the Cox
model. Stat Med 28, 1982-1998.

» White, I. R., Royston, P., and Wood, A. M. (2011). Multiple imputation using chained
equations: Issues and guidance for practice. Stat Med 30, 377-399.

> Yuan, Y. Sensitivity analysis in multiple imputation for missing data. SAS Intitute Inc;
2014. https://support.sas.com/resources/papers/proceedings14/SAS270-2014.pdf
Accessed November 22, 2022.

68




